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ABSTRACT
If accreting white dwarfs (WD) in binary systems are to produce type Ia supernovae (SNIa),
they must grow to nearly the Chandrasekhar mass and ignite carbon burning. Proving conclu-
sively that a WD has grown substantially since its birth is a challenging task. Slow accretion of
hydrogen inevitably leads to the erosion, rather than the growth of WDs. Rapid hydrogen accre-
tion does lead to growth of a helium layer, due to both decreased degeneracy and the inhibition
of mixing of the accreted hydrogen with the underlying WD. However, until recently, simulations
of helium-accreting WDs all claimed to show the explosive ejection of a helium envelope once
it exceeded ∼ 10−1M⊙. Because CO WDs cannot be born with masses in excess of ∼ 1.1M⊙,
any such object, in excess of ∼ 1.2M⊙, must have grown substantially. We demonstrate that the
WD in the symbiotic nova RS Oph is in the mass range 1.2-1.4M⊙. We compare UV spectra
of RS Oph with those of novae with ONe WDs, and with novae erupting on CO WDs. The RS
Oph WD is clearly made of CO, demonstrating that it has grown substantially since birth. It is
a prime candidate to eventually produce an SNIa.
Subject headings: white dwarfs — binaries: symbiotic — novae, cataclysmic variables — stars: super-
novae: general — stars: individual (RS Oph)
1. Introduction
Classical novae are all cataclysmic binary stars,
wherein a WD accretes a hydrogen-rich enve-
lope from its Roche-lobe filling companion, or
from the wind of a nearby giant. Theory (Shara
1981; Fujimoto 1982) and detailed simulations
(Yaron et al. 2005; Townsley & Bildsten 2004)
predict that once the pressure at the base of the
accreted envelope (which has a mass of ∼ 10−5-
10−6M⊙) of the WD exceeds a critical value, a
thermonuclear runaway (TNR) will occur in the
degenerate layer of accreted hydrogen. The TNR
causes the rapid rise of the WDs luminosity to
∼ 105 L⊙ or more, and the high-speed ejection of
the accreted envelope in a classical nova explosion
(Starrfield et al. 1974; Prialnik et al. 1979). Most
novae must recur on timescales of ∼ 105 years
(Ford 1978), but there are ∼ 30 objects, in the
Milky Way (Schaefer 2010), M31 (Shafter et al.
2015) and the LMC (Bode et al. 2016) – recurrent
novae (RNe) - that are observed to erupt at least
twice per century. RNe must contain WDs close to
the Chandrasekhar limit, and they must be accret-
ing at very high rates∼ 1-7×10−7M⊙ yr
−1 (Kato
1991; Yaron et al. 2005; Hillman et al. 2016) in or-
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der to build critical-mass envelopes quickly enough
to erupt so frequently.
Because the WDs in RNe must be massive,
and because they must be accreting at very high
rates, it is natural to ask if these WDs can grow
secularly in mass to approach the Chandrasekhar
limit (Whelan & Iben 1973), ignite carbon burn-
ing and produce SNIa (Hillebrandt & Niemeyer
2000). This single-degenerate (SD) scenario
(Ruiz-Lapuente et al. 1995; Branch et al. 1995)
has long been considered to lead to sub-Chandrasekhar
mass WD supernovae, produced by helium flashes
on WDs which manage to burn and retain
their rapidly accreted hydrogen (Rappaport et al.
1994). Because accreted helium envelopes on WDs
cannot exceed ∼ 10−1M⊙, it has seemed that the
secular growth of moderate mass carbon-oxygen
(CO) WDs to the Chandrasekhar limit is blocked.
This is puzzling because, as we will describe below,
there exist a few CO WDs in close binaries that
must be remarkably close to the Chandrasekhar
limit.
Hillman et al. (2016) have recently modeled the
rapid accretion of hydrogen onto COWDs, leading
to the buildup ∼ 0.1M⊙ shells of helium. Previ-
ous similar studies simulated just one or a few of
the resulting, successive helium flashes (Idan et al.
2013; Newsham et al. 2014; Piersanti et al. 2014),
concluding that much of the helium must be
ejected in those flashes. Hillman et al. (2016)
showed that dozens of helium flashes heated the
WD enough to relieve the degeneracy in its outer
layers. This led to much less violent helium flashes
which produce carbon ash, and the retention of
much of that ash. This mechanism is capable
of growing CO WDs, in principle, to the Chan-
drasekhar mass.
A prime example of a frequently erupting
and therefore massive WD (Wolf et al. 2013;
Kato et al. 2014) is the symbiotic binary star
RS Oph, which has erupted as a RN in 1898,
1933, 1958, 1967, 1985 and 2006. Eruptions
may also have occurred in 1907 and 1945 when
RS Oph was aligned with the Sun. The su-
persoft phase exhibited by RS Oph also sug-
gests that its WD is massive (Osborne et al.
2011; Wolf et al. 2013). RS Oph contains an
M0-2 III mass donor (Dobrzycka et al. 1996;
Anupama & Miko lajewska 1999) in a binary with
a 453.6 day orbital period (Brandi et al. 2009).
Brandi et al. (2009) have presented compelling
evidence for a massive WD in RS Oph. Seventy
spectra, obtained over the decade 1998-2008 de-
termined the orbital period to be 453.6 days, and
a mass ratio q = Mg/Mh = 0.59± 0.05. The most
likely orbital solution for the WD mass is Mh =
1.2-1.4M⊙, the red giant mass is Mg = 0.68-
0.80M⊙, while the orbit inclination is i = 49
◦-
52◦. We are unaware of any published evidence or
claims linking the WD in RS Oph with either a
CO or ONe WD.
Since CO WDs are not born with masses in ex-
cess of 1.1M⊙ (Ritossa et al. 1996), demonstrat-
ing that the WD in RS Oph is of CO composition
would be strong evidence that it has grown con-
siderably in mass since its birth. If such growth
continues towards the Chandrasekhar mass then
RS Oph will end its life as a SNIa. In the follow-
ing section we describe the compelling evidence
that RS Oph is, indeed, a CO WD.
The goal of this paper is to show that the WD
in RS Oph is not an oxygen-neon (ONe) WD.
While rare, ONe WDs can be born near the Chan-
drasekhar mass limit. CO WDs do not exceed
∼ 1.1M⊙ at birth. Demonstrating that the RS
Oph WD is, in fact, close to the Chandrasekhar
mass and that it is a CO WD, would be equivalent
to demonstrating that it has grown significantly in
mass since its birth. If this trend continues then
RS Oph will eventually produce an SNIa. As im-
portant, it would signal that the progenitors of at
least some fraction of SNIa are RS Oph-like sys-
tems, i.e. symbiotic stars.
The nature of the underlying WD is usually
reflected in the abundances of the novae ejecta,
and so, in their linear spectra. To determine the
abundances of nova ejecta, a majority of mod-
ern studies use the CLOUDY photoionization code
(Ferland et al. 1998, and references therein) to
fit emission line spectra, preferably covering the
UV-optical-near infrared range, and collected dur-
ing the nebular phase when the gas become opti-
cally thin (e.g. Schwarz et al. 2007, and references
therein). The early nebular phase is the most suit-
able to study the nova chemistry because the emis-
sion lines are strong, the typical gas temperature is
around 10000-15000 K and reasonably well known
atomic parameters are available, and possible con-
tamination of the ejecta by swept up interstellar
material can be ignored (e.g. Snijders 1989, and
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references therein).
Extensive observational and theoretical stud-
ies of the abundances in nova ejecta allowed to
distinguish two different types of classical novae.
A majority of them show large CNO overabun-
dances and nearly solar abundances of heavier el-
ements. There is, however, a smaller group with
large overabundances (by an order of magnitude
and more) of Ne, Mg, Al and other heavier el-
ements (e.g. Livio & Truran 1994). These two
types, called CO and ONe novae, respectively, de-
velop very different spectra once they enter the
nebular phase. The latter show strong emission
lines of Ne, Mg , Al, and Si, in addition to strong
H, He and CNO lines usually observed in novae
(e.g. Williams et al. 1985). The difference between
the CO and ONe nova is particularly remarkable
in the ultraviolet region where some elements (e.g.
Mg, Al, Ne and Si) and many stages of ionization
of CNO have strong lines which makes the ultravi-
olet spectra fundamental to get a fairly complete
set of abundances.
In Section 2 we describe and analyse the UV
spectroscopy of RS Oph, and use it to demon-
strate that the WD in this binary is composed of
CO, and not oxygen and neon. We summarise our
conclusions in Section 3.
2. UV and optical spectroscopy
The 1985 outburst of RS Oph was extensively
observed at both low and high resolution by the
IUE satellite. The high resolution data were anal-
ysed and discussed in detail by Shore et al. (1996),
and the main results highlightened in the review
presented by Shore (2008) during the Keele meet-
ing on RS Ophiuchi (2006) and the recurrent nova
phenomenon. In particular, the high resolution ul-
traviolet (as well as optical) emission line profiles
showed two separate contributors: a broad-line
component emitted from the high-velocity ejecta,
and a narrow-line component originating from the
red giant wind ionized by the UV flux produced
in the nova explosion and by radiation from the
shock produced when the ejecta passed though the
wind. The situation is thus more complicated than
in a typical classical (non symbiotic) nova where
the bulk of line emission originates from the nova
ejecta. To address properly the question whether
RS Oph is a CO or ONe nova one must be confi-
Fig. 1.— Comparison of IUE low resolution spec-
trum of RS Oph, the ONe nova QU Vul, and two
CO novae LMC 1991 (very fast) and PW Vul. The
spectra were taken during similar phases of the
nova evolution. Breaks in the spectra are due to
saturation in the IUE detector.
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dent that the diagnostic is based on features and
epochs in the nova evolution dominated by the
nova ejecta and not the red giant wind.
Shore et al. (1996) demonstrated that the
broad-line component behaves as would be ex-
pected from an explosive mass ejection. This nova
ejecta phase lasted ∼ 2 months, i.e. until ∼ MJD
46160. In practice, however, the best data for our
purpose was the first month after the outburst
when the ejecta dominated the emission line pro-
files, and the contribution from the red giant wind
component to the line profiles was negligible (see
figs 10 and 11, and discussion in Shore et al. 1996;
also Shore 2008).
Fig. 1 presents the low resolution spectrum of
RS Oph (middle) taken with the International
Ultraviolet Explorer (IUE) on 26 Feb 1985, 29
days after the outburst (when the contribution
from the ejecta was dominant) . We also show
the low resolution IUE spectra of the ONe nova
QU Vul (top) and two CO novae: PW Vul, and
the extremely fast nova LMC 1991, which de-
clined by 3 mag from maximum light in just 8
days (t3 = 8 days) . All spectra correspond to
the epoch when the emission line spectrum was
strongest, and roughly represent the same phase
of nova outburst development. We note that the
nova evolution, including spectroscopic charac-
teristics, scales with t3 (Cassatella et al. 2004;
Vanlandingham et al. 2001). Here we adopted
t3 = 14 days (Schaefer 2010) for RS Oph, and
the values from Cassatella et al. (2004), and
Vanlandingham et al. (2001) for the CO and ONe
novae, respectively.
The difference between the ONe nova and RS
Oph as well as the CO novae is remarkable. In
particular, QU Vul, in addition to strong CNO
and He II lines, shows very strong [Ne IV] 1602
A, the blend at ∼ 1810 A˚ made of [Mg VI] 1806,
[Ne III] 1815 and Si II 1808, and Al III 1860. A
very strong Al II] 2669 line is also present in the
long wavelength IUE spectrum (not shown here).
Similar UV spectra were observed for other ONe
novae, e.g. V693 CrA (Williams et al. 1985, their
fig. 1) or V382 Vel (Shore et al. 2003, their fig.
6). All these features are absent in both the
CO novae LMC 1991 and PW Vul, as well as in
any other of seven CO novae observed with the
IUE (Cassatella et al. 2005) including the most in-
tensively monitored V1668 Cyg (Stickland et al.
1981) and in RS Oph at any epoch. Thus the
similarity between RS Oph and CO novae is ev-
ident. These differences in emission line spec-
trum appearance reflect the high overabundance
of Ne, Mg and Al - over one order of magnitude
- with respect to solar, in QU Vul (e.g. Schwarz
2002) and other ONe novae (Schwarz et al. 2007)
as predicted for such novae by theoretical mod-
els (e.g. Prialnik & Shara 1995; Jose et al. 1999;
Yaron et al. 2005, and references therein).
Fig. 2 shows the high resolution IUE spectra
in the region of the Al III 1855,1863 resonance
lines and Si III] 1882, C III] 1907 intercombina-
tion lines for RS Oph (day 13 and day 17 of
the 1985 outburst), another ONe nova V693 CrA
and the CO nova PW Vul, shortly after a strong
emission-line spectrum appeared. Again, there
is a clear difference between RS Oph and PW
Vul, and the ONe nova. In particular, the reso-
nance Al III lines are strong in V693 CrA, and
absent in RS Oph and PW Vul. In addition, they
show broad P Cyg absorption components. Simi-
lar resonance-line profiles, including that of Al III,
were observed in other ONe, e.g. in IUE spectra
of V1974 Cyg (Cassatella et al. 2004, their fig. 3),
and HST/STIS spectra of V382 Vel (Shore et al.
2003, their fig. 7). Such broad P Cyg absorption
components on the UV resonance lines were not
seen in any of the CO novae observed with the
IUE (e.g. Cassatella et al. 2004), and they are a
phenomenological characteristic of the ONe novae
(Shore et al. 1994).
The evidence for a CO nova in RS Oph is
very clear, especially if one keeps in mind that
whereas the contribution from the ionized red gi-
ant wind can change the lines ratios (C:N:O), it
cannot account for the absence of any emission
lines typical for ONe nova. Morever, differen-
tial extinction caused by absorption lines (the so
called iron curtain) in the neutral/partly ionized
red giant wind (which can be a serious problem
in all symbiotic stars including the recurrent no-
vae; e.g. Shore & Aufdenberg 1993) cannot ac-
count for the lack of [Ne IV] 1602, the 1810 blend,
and Al III 1860 because all of these features fall
in a spectral region relatively free of other lines
(see fig. 7 of Shore & Aufdenberg). One should
rather expect that the C IV, O III] and He II lines
will be much more affected. Thus, the presence of
strong and broad C IV, O III], and He II, while
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the [Ne IV] 1602, the 1810 blend, and Al III 1860
were absent provides very robust evidence that the
ONe WD signatures are not hidden in the red gi-
ant wind. In principle, the lack of [Ne IV] 1602,
and the 1810 blend could also be accounted for
by the relatively high, & 108 cm−3, density in
the ejecta (the critical densities are ∼ 5 × 107,
∼ 1.4 × 108, and ∼ 4 × 106 − 1.7 × 104 cm−3, for
[Ne IV] 1602, [Ne III] 1815 and [Mg VI] 1806, re-
spectively). However, the lack of Al III cannot be
explained by this hypothesis.
Unfortunately, the 2006 outburst of RS Oph
was not observed in the UV, so there is no in-
formation about the presence or absence of the
emission lines typical for ONe nova. However
Nelson et al. (2011) found from modeling the
X-ray and UV emission (XMM-Newton Optical
Monitor) that the Ne/O ratio is within a factor
of 2 of solar (see their table 3), which strongly ar-
gues against ejecta polluted with the Ne of an ONe
WD. Das & Mondal (2015) applied CLOUDY to
low resolution optical and near infrared spectra
obtained during the second month after the 2006
maximum, and found N/H enhanced by a factor
of 12 and smaller enhancements of He/H (1.8×),
Ne/H (1.5×), Ar/H (5×) and Fe/H (3×) with
respect to solar abundances in addition to solar
O/H and Al/H and subsolar Si/H. These results,
however, are based on 1-2 lines only except for
He and Fe, and it is not clear (no line profiles
available) whether their spectra are representative
for the ejecta. On the other hand, Brandi et al.
(2009) observed strong narrow-line components
and a broad pedestal in all emission lines on high-
resolution optical spectra taken 53-54 days after
the 2006 outburst maximum which means that by
then the red giant wind contribution to the line
emission became significant.
To verify our assumption that the emission line
spectrum of RS Oph during the first month fol-
lowing the nova outburst is indeed dominated by
the ejecta, we estimated the relative CNO abun-
dances from fluxes of collisionally excited lines of
CNO. Nussbaumer et al. (1988) argued that for
high nebular densities, & 106 cm−3, C III, C IV,
N III, N IV and O III are emitted in a common
region, and used the UV multiplets C III] 1908,
C IV 1549, N III] 1749, N IV] 1486 and O III] 1664
to derive N/O and C/N abundances. On the
other hand, Williams et al. (1981) derived N/O
and C/N from F(N III]1749)/F(O III]1664]) and
F(C IV1549)/F(N IV]1486) ratios, respectively.
Using the broad line fluxes measured on high res-
olution spectra taken between day 17 and day
30 by Shore et al. (1996, their table 5) we esti-
mate the average N/O= 1.6-1.9 and C/N=0.1 us-
ing Williams et al’s method, and N/O=2.8 and
C/N=0.07 with Nussbaumer et al.’s approach.
The enhancement of N/O by a factor 10-20 with
respect to solar, and depletion of C/N to 1/40 so-
lar, implies enrichment of N and depletion of C
in CNO cycle burning as expected for the nova
ejecta. In particular, this is evidence of a TNR
in material that was enriched in CNO isotopes
by an order of magnitude relative to solar mate-
rial. RS Oph erupts far too frequently for diffu-
sion of accreted hydrogen to penetrate into, and
mix with the underlying WD (Yaron et al. 2005).
Rather, rotationally-induced instabilities or con-
vective boundary mixing during the flash must be
at work (Glasner et al. 2012; Casanova et al. 2016;
Denissenkov et al. 2017).
Additionally, the very high N/O is consis-
tent with an outburst on a very massive WD
(Livio & Truran 1994; Vanlandingham et al. 1999).
Similar high N/O abundances were found for
the fastest CO (including LMC 1991) and ONe
novae (e.g. Livio & Truran 1994; Schwarz et al.
2001, 2007). Although N is also enhanced in the
atmosphere of the red giant component of RS
Oph ([N/H]=0.6±0.3), its moderate C/N=0.16
(Pavlenko et al. 2008) indicates this N enhance-
ment is not as strong as that in the nova ejecta.
Systematic studies of photospheric abundances of
a few dozens symbiotic giants revealed N/O .
0.5 and C/N & 0.2, and they are consistent with
moderate enhancement of N and depletion of C as
expected for their evolutionary stage (Ga lan et al.
2016, 2017).
In summary, the comparison of the IUE spectra
of RS Oph and those of classical novae definitely
rules out RS Oph as a possible ONe nova, and
demonstrates that the nova outburst occurred on
a very massive CO WD.
Occasional claims (none of which are published
anywhere) that RS Oph could be a Ne-rich nova
have all been based on the fact that some au-
thors reported optical [Ne III] 3869/[O III] 5007
greater than unity. In particular, the observed
relative flux ratios measured in April 1985 in
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Wallerstein & Garnavich (1986) are consistent
with [Ne III] 3869/[O III] 5007=1.1. Relative
line intensities measured in April 2006 by Iijima
(2009) also indicated [Ne III] 3869/[O III] 5007
up to ∼2. Some of the SMARTS spectra1 also
show [Ne III] 3869 stronger or comparable to
[O III] 5007. On the other hand, the optical
emission line fluxes derived from two absolutely
calibrated spectra taken 33 and 126 days after
the 1985 maximum give [Ne III] 3869/[O III] 5007
of 0.5, and 0.34, respectively (Dobrzycka et al.
1996). These values are typical for symbi-
otic stars, including symbiotic novae. More-
over, classical symbiotic stars occasionally show
[Ne III] 3869/[O III] 5007∼1, e.g., CI Cyg (Miko lajewska
1985) and Z And (Miko lajewska & Kenyon 1996),
however, their radial velocity curves demonstrate
that they cannot contain massive ONe WDs. In
addition, in RS Oph, the emission lines contain
variable contributions from both the ejecta and
red giant wind, and the wind component domi-
nates the profile as the nova brightness declines
(Shore et al. 1996). So, without detailed analysis
of the line profiles, one cannot draw conclusions
about the origin (nova ejecta or red giant wind)
of the [Ne III] and [O III] lines. In particular,
the [Ne III] 3869/[O III] 5007 ratio based on line
peak intensities (like those given by Iijima) can be
very misleading because these probe the narrow
line (wind) component, rather than the broad line
(ejecta) component which alone are diagnostic of
the underlying WD.
These high [Ne III] 3869/[O III] 5007 ratios in
symbiotic stars result from the relatively high elec-
tron densities, ∼ 107 cm−3 and higher, in the line
formation region(s) in the ionized portion of the
red giant wind. The densities there are generally
comparable to or greater than the critical density
(∼ 106 cm−3 for [O III] 5007, and ∼ 107 cm−3 for
[Ne III] 3869). Fig. 3 shows the effect of den-
sity on the observed [Ne III] 3869/[O III] 5007
flux ratio. To calculate the [Ne III]/[O III] flux
ratio solar Ne/O was assumed and the formula
from Ferland & Shields (1978) was used. The plot
demonstrates that there is no problem to have this
line ratio above 1 with solar Ne/O abundance if
the electron density is above the critical value(s),
and so, the line ratio cannot be used to derive
1http://www.astro.sunysb.edu/fwalter/SMARTS/NovaAtlas/rsoph/spec/
abundance at high densities (say & 106 cm−3),
without including collisional de-excitation effects.
Recently, Mason (2011) derived a very high
Ne/O for U Sco from the [Ne III] 3869/[O III] 5007
line ratio observed during its 2011 nova ouburst.
However, she neglected the effects of collisions
on the line formation. Fig. 3 shows that for
the electron density & 5 × 106 − 107 cm−3 de-
rived for U Sco (Mason 2011), the observed
[Ne III] 3869/[O III] 5007=0.2-0.4 is consistent
with solar Ne/O abundance. Mason (2013) cor-
rected this error. There is also no evidence for any
[Ne IV], Al III, and other lines characteristic of an
ONe nova in the IUE spectra collected during the
previous outburst of U Sco. So, in the case of U
Sco, there is also no indication for an ONe WD.
Both in summary, and in answer to the referee’s
excellent question ”Why did no one notice this
before? The 1985 IUE spectra are over 30 years
old”, we respond: It is the combination of all of
the following five points:
1. the realization over the past two decades
that a massive CO WD is a demonstration
that a WD mass can grow substantially;
2. a very recent (2016) theoretical framework
that explains how such growth can occur
without ejecting all accreted mass;
3. a 2006 measurement of the (small) ejected
mass in the 2006 RS Oph outburst;
4. the rather recent (circa 2009) determination
that the WD in RS Oph is, indeed, massive;
and
5. the rigorous use of spectroscopic tools (post
2013) to demonstrate that the RS Oph IUE
spectrum rules out RS Oph as an ONe nova,
that together finally allow the results of this paper
to emerge.
3. Conclusions
There is strong evidence that the white dwarf in
RS Oph is massive. The spectroscopic orbits are
derived for both components, and the WD mass
is 1.2-1.4M⊙ (Brandi et al. 2009). A very massive
WD, 1.3M⊙, is also required by the outburst char-
acteristics (e.g. Hachisu & Kato 2001; Yaron et al.
2005; Hillman et al. 2016).
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Fig. 2.— High resolution IUE spectra in the re-
gion of the Al III 1855,1863 resonance lines and
Si III] 1882, C III] 1907 intercombination lines for
RS Oph (day 13 and day 17 of the 1985 outburst),
the ONe nova V693 CrA and the CO nova PW
Vul. The spectra were taken in roughly similar
phase of the nova outburst.
Fig. 3.— The [Ne III] 3869/[O III] 5007 flux ra-
tio vs. electron density. The lines correspond to
different Te: 10000 K (the lowest line), 12000 K,
15000 K, and 20000 K (the uppermost).
The UV spectroscopic characteristics, and in
particular the lack of any indication of an ONe
WD, indicate that RS Oph hosts a massive CO
WD. Since the maximum mass of a CO WD
resulting from stellar evolution does not exceed
∼ 1 − 1.1M⊙ (e.g. Marigo 2013, and references
therein), we can conclude that the WD in RS Oph
must had grown to its large present value due to
accretion. The mass of the nova shell ejected in
the 2006 outburst of RS Oph was only ∼ 10−7M⊙
(Sokoloski et al. 2006) which means that the WD
retains most of its accreted envelope, and so its
mass continues to grow. Our ultimate conclusion
is that RS Oph contains a very massive CO WD,
growing in mass, which eventually should explode
as a SN Ia.
4. Acknowledgments
This study has been supported in part by the
Polish NCN grant DEC-2013/10/M/ST9/00086.
We acknowledge very helpful discussions with F.
Patat, Ph. Podsiadlowski, and R. Williams. This
research has made use of the Mikulski Archive
for Space Telescopes (MAST), and data from the
SMARTS telescope at CTIO.
REFERENCES
Anupama, G. C., Miko lajewska, J., 1999, A&A,
344, 177
Bode, M. F., Darnley, M. J., Beardmore, A. P., et
al., 2016, ApJ, 818, 145
Branch, D., Livio, M., Yungelson, L.R., Boffi,
F.R., Baron, E., 1995, PASP 107, 1019.
Brandi, E. Quiroga, C.; Miko lajewska, J.; Ferrer,
O. E.; Garca, L. G., 2009, A&A, 497, 815
Casanova, J., Jose, J., Garcia-Berro, E., Shore,
S.N. 2016, A&A 595, A28
Cassatella, A., Lamers, H.J.G.M., Rossi, C., Al-
tamore, A., Gonzalez-Riestra, R., 2004, A&A,
420, 571
Cassatella, A., Altamore, A., Gonzalez-Riestra,
R., 2005, A&A, 439, 205
Das, R., Mondal, A., 2015, New Astronomy, 39,
15
7
Denissenkov, P.A., Herwig, F., Battino, U. et al,
2017, ApJL 834, L10.
Dobrzycka, D., Kenyon, S.J.; Proga, D.; Mikola-
jewska, J.; Wade, R.A., 1996, AJ, 111, 2090
Ferland, G.J, Shields, G.A., 1978, ApJ, 226, 172
Ferland, G.J., Korista, K.T., Verner, D.A., et al.,
1998, PASP, 110, 761
Ford, H.C., 1978, ApJ, 219, 575
Fujimoto, M. Y. 1982, ApJ 257, 752
Ga lan, C., Miko lajewska, J., Hinkle, K.H., Joyce,
R.R., 2016, MNRAS, 455, 1282
Ga lan, C., Miko lajewska, J., Hinkle, K.H., Joyce,
R.R., 2017, MNRAS, 466, 2194
Glasner, S. A., Livne, E., and Truran, J.W. 2012
MNRAS, 427, 2411
Hachisu, I., Kato, M., 2001, ApJ, 558, 323
Hillebrandt, W., Niemeyer, J.C., 2000, ARA&A,
38, 191
Hillman, Y., Prialnik, D., Kovetz, A., Shara, M.
M., 2016, ApJ, 819, 168
Idan, I., Shaviv, N., Shaviv, G. 2013, MNRAS 433,
2884
Iijima, T., 2009, A&A, 505, 287
Jose, J., Coc, A., Hernanz, M., 1999, ApJ, 520,
347
Livio, M., Truran, J., 1994, ApJ, 425, 797
Kato, M., 1991, ApJ 369, 471
Kato, M., Saio, H., Hachisu, I. and Nomoto, K.
2014, 793, 136
Kato, M., Sayo, H., Hachisu, I., 2015, ApJ, 808,
52
Marigo, P., 2013, in Binary Paths to Type Ia Su-
pernovae Explosions, R. DiStefano, M. Orio &
M. Moe, eds., IAUS 281, p. 36
Mason, E., 2011, A&A, 532, L11 (corrigendum:
Mason, E., 2013, A&A, 556, C2)
Miko lajewska, J., 1985, Acta Astr. 35, 65
Miko lajewska, J., Kenyon, S.J., 1996, AJ, 112,
1659
Nelson, T., Orio, M., Cassinelli, J.P., et al., 2008,
ApJ, 673, 1067
Nelson, T., Mukai, K., Orio, M., Luna, G. J. M.,
Sokoloski, J. L., 2011, ApJ, 737, 7
Newsham, G., Starrfield, S., Timmes, F. X. 2014,
Stella Novae: Past and Future Decades. ASP
Conference Series, Vol. 490, Edited by P. A.
Woudt and V. A. R. M. Ribeiro, p.287
Nussbaumer, H., Schmid, H. M., Vogel, M., Schild,
H., 1988, A&A, 198, 179
Osborne, J.P., Page, K. L., Beardmore, A. P. et al
2011, ApJ 727, 124
Pavlenko, Ya. V., Evans, A., Kerr, T., et al., 2008,
A&A, 485, 541
Piersanti, L., Tornamb, A., Yungelson, L. R.,
2014, MNRAS, 445, 3239
Prialnik, D., Shara, M.. 1995, ApJ, 109, 1735
Prialnik, D., Shara, M. M., Shaviv, G. 1979, A&A
72, 192
Rappaport, S., Di Stefano, R., Smith, J. D., 1994,
ApJ, 426, 692
Ritossa, C., Garcia-Berro, Iben, I. Jr., 1996, ApJ,
460, 489
Ruiz-Lapuente, P., Burkert, A., Canal, R., 1995
ApJ, 447, L69
Schaefer, B., 2010, ApJS, 187, 275
Schwarz, G.J., 2002, ApJ, 577, 940
Schwarz, G.J., Shore, S.N., Starrfield, S., et al.,
2001, MNRAS, 320, 103
Schwarz, G.J., Shore, S.N., Starrfield, S., Vanland-
ingham, K.M., 2007, ApJ, 657, 453
Shafter, A. W.; Henze, M.; Rector, T. A., 2015,
ApJS, 216, 34
Shankar, A., Arnett, D. and Fryxell, B. A. 1992,
ApJ 394, L13 - not in the text?
Shara, M. M., 1981, ApJ, 243, 926
8
Shore, S.N., 2008, in RS Ophiuchi (2006) and the
Symbiotic Recurrent Nova Phenomenon, ed. A.
Evans et al., ASPC 401, p.19
Shore, S.N., Aufdenberg, J. P., 1993, ApJ, 416,
355
Shore, S.N., Sonneborn, G., Starrfield, S.,
Gonzalez-Riestra, R., Polidan, R.S., 1994, ApJ,
421, 344
Shore, S.N., Kenyon, S.J., Starrfield, S., Son-
neborn, G., 1996, ApJ, 456, 717
Shore, S.N., Schwarz, G., Bond, H.E., et al., 2003,
AJ, 125, 1507
Snijders , M.A.J., 1989, Physics of Classical No-
vae, A. Cassatella & R. Viotti, eds., Springer-
Verlag
Sokoloski, J. L., Luna, G. J. M., Mukai, K.,
Kenyon, Scott J., 2006, Nature, 442, 276
Starrfield, S., Sparks, W.M. and Truran, J. W.
1974, ApJS 28, 247
Stickland, D.J., Penn, C.J., Seaton, M.A., Sni-
jders, M.A.J., Storey, P.J., 1981, MNRAS, 197,
107
Townsley, D. M. and Bildsten, L., 2004, ApJ 600,
390
Vanlandingham, K.M., Starrfield, S., Shore, S.N.,
Sonneborn, G., 1999, MNRAS, 308, 577
Vanlandingham, K.M., Schwarz G.J., Shore, S.N.,
Starrfield, S., 2001, AJ, 121, 1126
Wallerstein, G., Garnavich, P.M., 1986, PASP, 98,
875
Whelan, J., Iben, I. I., 1973, ApJ, 186, 1007
Williams, R. E., Sparks, W. M., Gallagher, J. S.,
et al., 1981, ApJ 251, 221
Willams, R.E., Ney, E.P., Sparks, W.M., et al.,
1985, MNRAS, 212, 753
Wolf, W.M., Bildsten, L., Brooks, J., Paxton, B.
et al 2013, ApJ 777, 136
Yaron, O., Prialnik, D., Shara, M.M., Kovetz, A.,
2005, ApJ, 623, 398
This 2-column preprint was prepared with the AAS LATEX
macros v5.2.
9
